In its simple form, the relaxation time of the Néel relaxation process of the magnetic moment of single-domain particles is given by τ N = τ 0N exp(σ), σ being the ratio of the anisotropy energy to thermal energy. The pre-factor, τ 0N , is normally given a value 
Introduction
Magnetic fluids are stable colloidal systems consisting of single-domain magnetic particles covered by a surfactant in order to prevent particle agglomeration and dispersed in a carrier liquid [1] . The particles have radii usually ranging from approximately 2-15 nm and they are considered to be in a state of uniform magnetization with a magnetic moment, m = M s v, where M s denotes the saturation magnetization and v is the magnetic volume of the particle.
The dynamics of the magnetic moment, m , of a single-domain magnetic particle is described by the Landau-Lifshitz equation [2] : = is known as the precessional decay time. In zero polarizing fields, for particles with uniaxial anisotropy, the precessional decay time can be written as,
Here, M S is expressed in Tesla (M S in A/m multiplied by μ 0 ) and K is the effective uniaxial anisotropy constant, which includes the effects of shape, magneto-crystalline field and dipolar interparticle interaction field.
The frequency dependant susceptibility, χ(ω,H), of such an assembly of single domain magnetic particles can be described in terms of its parallel, χ || (ω,H), and perpendicular, χ ⊥ (ω,H), components with respect to the total field, t H , by the equation
In strong H t with respect to k B T (k B is the Boltzmann's constant and T is the temperature), the perpendicular susceptibility, χ ⊥ (ω,H) can be expressed in its LandauLifshitz form [3, 4] :
The parallel or longitudinal susceptibility component, χ || (ω,H) can be described by the Debye equation [3, 5] , with ( )
where χ || (0,H) is the parallel susceptibility at frequencies much lower than the frequency, f ||max at which the imaginary component of χ''(ω,H) is a maximum, χ ||∞ (H) is the parallel susceptibility at very high frequencies (but below resonance) and τ || is the parallel relaxation time. τ || is related to the frequency, f ||max , by the expression, f ||max = 1/(2π τ || ) .
There are two relaxation times which influence the magnetic relaxation in magnetic fluids: i) the Brownian relaxation time, τ B , which is determined by the rotation of particles in the carrier liquid [3] , and ii) the Néel relaxation time, τ N , correlated to the rotation of the magnetic moment of particles, by overcoming the energy barrier within the particles [3] .
For the Néel relaxation time, in zero polarizing fields, the following approximate expressions are valid [6, 7] : 
J. L. Dormann and co-workers [8] [9] [10] [11] [12] , as well as other researchers [13] [14] [15] have experimentally determined the pre-factor, τ 0N of Eq. (7), for different single-domain 
Theoretical considerations on the experimental method
The perpendicular or transverse susceptibility, χ ⊥ (ω,H), can have a resonant character, whereby precession of the magnetic moment occurs about the total field, t H . In equilibrium, the magnetic moment, m , would be directed along t H if it were not for thermal fluctuations. The extent of this disturbance depends on σ. In the case of a small disturbance, the angular resonant frequency, ω 0 is given by ω 0 =γH t .
If a microwave frequency field is applied perpendicular to t H , the motion of the magnetic moment has a typical resonant character with the existence of a resonance phenomenon being indicated by a transition in the value of χ ⊥ '(ω,H)  from a +ve to a -ve quantity at a frequency, f res .
The decay or after-effect function, b(t), represents the decay of magnetization after the sudden removal of an external polarizing magnetic field, and χ''(ω,H) is related to b(t) by the expression [16] ,
were F -1 denotes the inverse Fourier transform.
B. K. P. Scaife [17] has shown that the after-effect function of the LandauLifshitz equation has the form:
If the microwave field is not perpendicular to t H , its perpendicular component determines the resonance phenomenon and its parallel component is responsible for the relaxation phenomenon. The Debye after-effect function is given by the expression [17] .
Generally speaking, the overall complex magnetic susceptibility is a superposition of Landau-Lifshitz and Debye terms and the corresponding after effect function is a superposition of Landau-Lifshitz and Debye after effect functions (Eq. (9) and Eq. (10)).
For magnetic fluids subjected to a polarizing field, H, the static parallel susceptibility decreases with the field [18] and therefore in strong polarizing fields the With τ 0 and σ determined as above, the pre-factor, τ 0N = τ 0 σ -1/2 can be determined.
Experimental results and discussions
The sample investigated was a kerosene-based magnetic fluid with magnetite particles of mean diameter 10 nm, having a saturation magnetization of 0.09 Tesla.
Measurements of frequency and polarizing field dependence of the complex magnetic susceptibility, χ(ω, H) = χ'(ω, H) -i χ''(ω, H) , were made by means of the coaxial transmission line technique [21, 22] , using a Hewlett Packard (HP) 50Ω coaxial line incorporating a coaxial cell, in conjunction with an HP 8753C network analyzer. The biasing field, H, was varied between 0 and 100 kA/m.
In order to increase the accuracy of the Fourier transform (Eq. (8)), by increasing the number of the experimental points, the data for the sample was fitted with theoretical dependencies as in Ref. [23] . The corresponding fit to the χ' and χ'' are shown in Figs From the fit data of Fig.2 the after-effect functions were computed by means of equation (8) and the results are shown in Fig.4 . From the figure it is clearly seen how the function changes from an exponential type decay to an oscillatory one over the polarizing field range. In fact the final form of the after effect function becomes similar to that of the Landau Lifshitz form (Eq. (9)). Landau-Lifshitz after-effect functions one can assert that up to approximately 60 kA/m the relaxation process contributes to the overall after-effect function whilst in polarizing fields larger than 60 kA/m, the resonance process becomes more significant than the relaxation process. One also notes that the effective anisotropy field is 50.94 kA/m (see From Eq. (12) we note that the precessional decay time in zero polarizing field,
, is simply the value of equation (12) at H=0. By fitting the data to equation (12) and extrapolating the fit of Fig.5 [25] . This difference is due to the fact that the anisotropy constant experimental determined here is an effective one, including the magnetocrystalline, shape and interparticle interaction effects. In Ref. [26] is experimentally shown that the effective anisotropy constant depends on the particle concentration (the larger the particle concentration, the larger the value of the effective anisotropy constant), a result which is in agreement with the theoretical models of Shtrikman-Wohlfarth [27] and Dormann-Bessais-Fiorani [9, 10] . and the ratio of the anisotropy energy to the thermal energy, σ, the pre-factor, τ 0N =2.06⋅10 -10 s is determined. This value of τ 0N determined here for a magnetic fluid with magnetic particles, is in agreement with the value of τ 0N reported by other researchers using a different method [8, 14] , however this proposed method has the advantage of being performed at room temperature. • The precessional decay time of the Landau-Lifshitz equations is evaluated.
Figure captions
• Néel pre-factor, τ 0N , determined for single-domain magnetite particles of mean diameter 10 nm.
• After-effect function, b(t), obtained through the relationship which exists between b(t) and χ''(ω).
